Allocation of public health resources should be based, where feasible, on objective assessments of health status, burden of disease, injury, and disability, their preventability, and related costs. In this article, we first analyze traditional measures of the public's health that address the burden of disease and disability and associated costs. Second, we discuss activities that are essential to protecting the public's health but whose impact is difficult to measure. Third, we propose general characteristics of useful measures of the public's health. We contend that expanding the repertoire of measures of the public's health is a critical step in targeting attention and resources to improve health, stemming mounting health care costs, and slowing declining quality of life that threatens the nation's future.
By the middle of the 21st century, the U.S. population is projected to increase by approximately 40% to more than 400 millions persons. 1 More than 20% of the population will be over 65 years, an increase from 12.5% in 2003. Approximately half the U.S. population in 2050 will be white; the largest increases will be seen in Hispanic and Asian populations. 1 Because of persisting inequities in health status, these demographic changes will have a dramatic impact on health. An older population will suffer from more chronic disease, even if age-specific prevalence of conditions remains stable. The projections for prevalent cases of Alzheimer's disease, for example, will more than double by 2030. 2 Similar projections have been made for obesity, 3 diabetes mellitus, 4 chronic lung disease, 5 and other chronic conditions. In addition, age-adjusted quality of life as measured by healthy days has decreased over time. 6 Whereas longer life, if accompanied by improved health in advanced years, will have only a slight impact on health costs, 7 longer life with no improvements in health will cause increased use of new health care technologies and escalate spending, not only for direct medical care, but also for long-term care of older persons and those living with disabilities. 8, 9 Medicare spending has been projected to increase from 2% to 6% of the gross domestic product (GDP) from 2004 to 2050. 10 In 2002, spending for health care in the United States was $1.6 trillion; when adjusted for inflation, this is a fivefold increase from 1970. 11 Medicaid and Medicare alone accounted for one-third of these costs. Although national health expenditures took 10 years to grow from 12% of GDP in 1990 to 13.3 % in 2000, these expenditures took only one year to grow to 14.1% in 2001. The increasingly older age distribution in the United States is an indication that these costs will continue to increase in future years. 1 The anticipated increase in health care costs and inequities 12 in access to the benefits of our health system should stimulate vigorous dialogue regarding solutions. Rebalancing the investment portfolio to emphasize health protection and prevention of those conditions with high burden and cost is a logical strategy. 13 However, successful efforts require developing and validating better measures of the public's health and associated costs to guide rational decisions about the allocation of limited resources.
In 1946, the World Health Organization (WHO) defined health as ". . . a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity." 14 Today, despite extensive analytic efforts to assess health more accurately, measures available to evaluate the health of popula-tions continue to be morbidity, mortality, and disability. We analyzed selected traditional measures of public health, including morbidity, mortality, and disability, and their related costs, as well as summary measures of burden and quality of life, which can be used to prioritize conditions for attention ( Figure) . In this article, we discuss general characteristics of useful measures of the public's health as well as activities that are essential to protect the public's health even though their impact might be difficult to measure. Finally, we describe new measures needed to assess the public's health and monitor the effectiveness of public health programs and practice.
CURRENT MEASURES OF THE PUBLIC'S HEALTH

Mortality
Numbers and rates of deaths have been used for centuries to measure burden and to compare the impact of diseases. For example, in the United States, chronic diseases-cardiovascular disease, cancer, chronic lung disease, and diabetes-are leading causes of death, followed closely by unintentional injuries and influenza. 15 Age-specific mortality rates provide additional insights that might influence policy decisions. For example, infant deaths are dominated by congenital anomalies, short gestation, and sudden infant death syndrome (SIDS); young adults are killed primarily by intentional and unintentional injuries ( Table 1) . Similarly, stratification of mortality data by race and ethnicity helps to quantify health disparities. For example, blacks suffer higher rates of death for almost all leading causes ( Table 2) . 16 Of note, except for diabetes in Hispanics and unintentional injury in American Indians, both groups have lower rates than whites for the leading causes of death; Asians have the lowest rates for all major causes of death except cerebrovascular disease. As with other measures of burden, the designation of categories of death affects ranking. For example, if we combine injuries across all causes (motor-vehicle injuries, homicide, suicide, etc.), as cancer is combined across all sites, injuries would become the leading cause of premature mortality.
Premature mortality, a measure of burden first proposed by Dempsey in 1947 to address the inadequacy of mortality in measuring the burden of tuberculosis, is another important way to quantify burden. 17 In constructing a measure of premature death, an arbitrary limit to life is chosen, and the calculation of the difference between an age at death and this arbitrary limit is defined as the life lost as a result of that death. For example, in 2002, malignant neoplasms, heart disease, and unintentional injuries are the leading causes of premature mortality measured by years of potential life lost (YPLL) before age 75 years ( Figure) . 16 Rankings are also affected by the arbitrary choice of a specific age to determine premature death, thus causing any death later than that age to contribute nothing to the burden of disease. This methodological problem is particularly influential if a large number of persons are living past the cutoff age with good quality of life.
Mortality rates might not directly reflect the contribution of preventable causes of death. In 1991, Figure McGinnis and Foege proposed the concept of "actual causes of death" to emphasize the importance of the underlying (and usually preventable) risk factors that contribute to mortality. 18 In fact, actual causes of death are more accurately characterized as measures of burden of risk. A recent update of their analysis reaffirmed that tobacco use together with poor diet and lack of exercise were major actual causes of death, followed by other modifiable behaviors (alcohol use, sexual practices, and drug use) and external causes (infections, toxins, motor vehicle crashes, and firearms [Figure] ). 19 Importantly, the 2004 analysis demonstrated that poor diet and physical inactivity, major contributors to the obesity epidemic, had increased as actual causes of death in the United States.
Morbidity
The number or rate of nonfatal outcomes (e.g., the number of incident cases) is not used as often as mortality in assessing disease burden. The only chronic, non-infectious condition for which the United States has national data for incident cases is cancer. 20 Rates of hospitalization are sometimes used to estimate disease burden among a population. Hospitalization rates have the advantage of being relatively easy to obtain and are useful for certain analyses, but are biased indicators of burden for the majority of conditions. For example, the increasing use of outpatient treatment for conditions previously requiring hospitalization can substantially affect the utility of these data for assessing burden.
In the United States, heart disease is the leading cause of entry hospitalization, followed in order by childbirth, psychoses, pneumonia, cancer, and fractures. 21 Measurement of disability provides another morbidity dimension to the burden of nonfatal health problems. Bone and joint pain, most often caused by arthritis, is the leading cause of disability, followed closely by chronic diseases (heart disease, lung problems, diabetes, and stroke), mental health disorders, and hearing and vision disorders. 22 As therapy improves 
Summary measures
Summary measures are employed to attempt to assess overall health status of a population. These measures usually combine morbidity, mortality, and disability data but can also reflect perceived quality of life or functional status. For example, physical functioning, mental and emotional well-being, social functioning, general health perceptions, pain, energy, and vitality have all been used to assess health status. 23 Quality-oflife measures are especially critical for conditions that cause considerable suffering but limited numbers of deaths. Disability-adjusted life years (DALY) is a summary measure of burden of disease among populations that combines mortality and morbidity measures. The calculation of DALY usually assesses nonfatal outcomes as part of the burden and requires a standard means of weighing different types and severities of disability. 24 In the United States, heart disease accounts for the largest fraction of lost DALY for both men and women. HIV/acquired immunodeficiency syndrome (AIDS), alcohol abuse, and depression are also important causes of lost DALY, with depression being the second leading cause for women. 25 Although summary estimates of burden such as quality-adjusted life years have been described, their use in the United States for measuring population burden is limited. 26 
Cost
The economic costs incurred as a consequence of a health condition are a key summary measure of economic burden. Estimates of the economic burden can be used as a basis for resource allocations. Although data from multiple studies that examine cost of illness information for different conditions are available, considerable variability in methods and data sources make comparisons difficult. Ideally, comparative assessment of burden would be derived from a single data source with health care utilization and expenditure information across a range of conditions. Data from the 1997 Medical Expenditure Panel Survey (MEPS), which provides estimates of national health care spending among the noninstitutionalized U.S. population, indicate that treatment of persons with heart disease, cancer, or suffering from trauma accounts for approximately one-third of all direct medical costs, and that chronic conditions account for the majority of the remaining costs. 27 An updated analysis using 2000 MEPS data reveals that although heart disease is still the most costly condition, trauma precedes cancer in ranking, followed by pulmonary disease and mental disorders. 28 The estimates do not provide a comprehensive measure of economic burden because the MEPS data do not include indirect costs associated with disease-related disability and productivity loss. Still, costs are an incomplete measure of economic burden, failing to capture important aspects of deterioration in health-related quality of life (e.g., reduced functioning, pain and suffering, and emotional and psychological impact on family and friends). In addition, health care utilization and expenditure data exclude untreated illness. These exclusions can underestimate morbidity, especially among the disadvantaged whose circumstances often limit utilization of health care.
LIMITATIONS ON USING BURDEN TO MEASURE THE PUBLIC'S HEALTH
A reexamination of the Figure shows that a reliance on a single measure of public health burden may be misleading. While the latest available data are from different years, the change in rankings for different cases can be instructive. For example, suicide and homicide (intentional injuries) do not appear in leading causes for total mortality, but these events are very important as causes of premature death (as defined by YPLL before 75). While depression may not be the cause of death, it responsible for the fourth largest source of disability, as defined by DALYs.
A second point to note from the Figure is that while "rankings" may be very attractive to the general public and to the media, their use may also oversimplify matters. For example, two conditions may be ranked very differently due to the conditions in the comparison but be very similar on an absolute scale.
In addition to the limitation of single measures, consensus on the best measures of the public's health might never exist. This is not surprising because measurements are used to accomplish diverse functions (e.g., population health assessment, evaluation of the effectiveness of interventions, formulation of health policies, and projection of future resource need). The choice of measures might reflect individual and societal values. For example, emphasis on measures of morbidity such as incidence or disability implies that value is placed on suffering as well as death. Use of YPLL implies that extra value is placed on premature deaths. Measures that do not capture broader aspects of burden (e.g., pain and suffering, deterioration in quality of life, and emotional and physical impacts on families) imply that these values are not as important as traditional measures. 29 Finally, even the best measures of burden incompletely reflect key elements of public health practice such as emergency preparedness, and they do not address the availability of effective preventive practices (e.g., immunization or fluoridation).
DIFFICULT-TO-MEASURE ACTIVITIES ESSENTIAL TO THE PUBLIC'S HEALTH
In certain cases, data to assess burden of disease are not readily available. For example, in the United States with the exception of cancer, no ongoing reliable system exists to assess the morbidity burden of chronic diseases at the state and local levels, even though these conditions have a substantial impact on the population's health. Even more problematic is measuring the effect of activities, mainly supported through the public health system, that directly or indirectly influence population health that are not encompassed by measures of burden. For example, emergency preparedness (the capacity to mount an appropriate and effective response to an acute disaster, a terrorist threat, an exposure to an environmental or occupational hazard, or an outbreak of disease) is essential to the public's health. 30 However, the traditional measurements of health status are not designed to assess preparedness. Similarly, we do not have measures to assess the strength and effectiveness of the public health system (e.g., public health surveillance and health monitoring). 31 In other instances, measures of burden may not capture the beneficial health effects of successful programs that must be sustained to protect health. For example, immunization programs in the United States have dramatically reduced the burden of certain infectious diseases. Using available measures of the current burden of these diseases alone as criteria for investment in immunization activities would put our residents at risk for diseases that still circulate globally.
Other dimensions of an effective public health system are absent from the standard metrics for assessing population health. For example, measures of sonal assessments of health or quality of life are used, reliability may suffer. For example, self-rated health, while useful from a societal standpoint, 36 may not be comparable from one population to another. Family, community, and other contexts can affect self-reported data substantially. Persons living with a disability, but in a supportive family and community environment, may rate their health as high compared with other non-disabled persons in less supportive environments.
IMPROVING THE PUBLIC'S HEALTH: DEVELOPING NEW MEASURES OF PUBLIC HEALTH PROGRAM ASSESSMENT
Traditionally, health goals have been framed as reductions in the occurrence of disease, disability, injury, and death rates. Although these measures are critical, they represent only negative outcomes that we all hope to avoid or delay as long as possible. These measures are no longer adequate. We have to determine, investigate, track, and act on those aspects of health that are becoming increasingly influential as ways in which U.S. residents think about health. People's thoughts about health, often framed as aspirations, come from the contexts of their lives. We must develop measures that enable us to assess health as defined by WHO in 1946. 14 To this end, the Centers for Disease Control and Prevention (CDC) has proposed specific goals for improving health so that in the future, the health of U.S. residents is improved measurably. 37 Moreover, those improvements will be perceived by people to directly affect their ability to achieve the full quality of life to which they aspire. These goals have motivated CDC both to invest in research on measures of burden and to investigate the public health use of nontraditional measures of health such as social capital 38 and assess the feasibility of the development of appropriate metrics of disease burden in these areas. 39 For infants and toddlers, the critical concerns are related to growth, cognitive and physical development, and preventable death. At present, childhood goals focus on learning, healthy connections to family, developing friendships and social skills, continued appropriate growth and development, and preventable death. Health for adolescents should be reflected by healthy weight, appropriate levels of physical activity, strong and healthy social connections to family, peers, school, or community organizations, and healthy behavioral choices (e.g., drug, alcohol, and tobacco abstinence). For younger adults, measures of full participation and satisfaction both with work and with family life are needed. For older adults, measures are needed environmental quality (e.g., air-and water-quality monitoring), 32 mental health (mental unhealthy days), 33 and socioeconomic status 34 exist, but are limited in scope and precision, and most important, are not well integrated into public health practice. For example, in most states, departments of the environment are administered separately from departments of health and public health. Mental health services tend to be separate from public health at all levels of government.
CHARACTERISTICS OF USEFUL MEASURES OF THE PUBLIC'S HEALTH
Optimally, a measure of population health should have certain characteristics to ensure its usefulness. First, useful measures of the effectiveness of public health interventions could detect either an absolute or a relative change in health status over time. For example, the mortality rate, while commonly used and roughly comparable around the world, reflects only an absolute change. So if the infant mortality rate is 10 (per 1,000) in one location in one month and 12 (per 1,000) the next, the absolute increase in infant mortality is 2 per 1,000. However, a percentage change (e.g., 12/10 or 120%) suggests the relative magnitude of the change (e.g., as for economics, the growth in the GDP is reported).
Second, a key concept for the adequacy of a measure is validity, the extent to which the indicator measures what it purports to measure. 35 Face validity, the characteristic of whether the measure appears to represent health status (e.g., personal self report of health as excellent, good, fair, or poor), might not be as appropriate for this purpose as construct validity, the question of whether a given measure will reflect objectively either health status or a change in health status (e.g., a clinical measurement of height and weight).
Third, the population health measure should be sensitive to major health policy changes. For example, if taxation on tobacco is increased, youth initiation may be a more immediate measure of effect than, say adult cessation. In other areas of population health (e.g., mental health, chronic disease) the challenge is to develop proximal measures that are linked to more distal improvements in health.
Fourth, the measure should be reliable, stable over time, and equivalent across settings. If the measure is used repeatedly in the same circumstances, will it yield the same results? In the case of mortality, widespread use of ICD codes has served to increase this reliability and stability, even though the categorization may miss relevant nuances. For summary measures where per-for activity, independence, and satisfactory social leisure activities.
The effect of social relationships and cohesion on health is important in nearly all life stages at both the individual and community levels. Measuring these social relationships and their impact on health is challenging. 40 Likewise, measurement is needed of environmental and behavioral protective factors in populations. For example, progress on health status could be monitored by measuring the proportion of U.S. residents: (1) living in cohesive communities designed to make healthful living easier, safer, and enjoyable;
(2) working in settings free from hazardous exposures and safety risks and that also promote healthy choices; and (3) sending their children to schools where education about health, including physical education and food services, encourages the formation of healthy behaviors.
Measurement of disease burden is informative but falls short of the needs in public health. Assessment of programs and tracking accountability will not only require use of multiple measures of burden, but also practical and useful measures of both essential public health services and positive health attributes and wellbeing. 41 Useful tools for public health must be readily available, easy to use, and consistent across time and place. As a result, we must balance the need for increasing amounts of data with the ability of those in health to process those data in an effective and timely manner.
If the United States accepts the vision of health articulated by WHO in 1946 and is committed to the achievement of optimal health for its citizens, it must develop and use the tools that will measure progress toward that burden. The process of developing these tools requires agreement with partners in state and local public health as well as international collaborators such as WHO on both metrics and data standards. Development of effective tools also requires research and evaluation that will engage partners not only in government but also academia and the private sector. The CDC is committed to this new approach to measuring health, but the agency cannot act alone and will seek collaboration in this effort.
In the 20th century, tremendous advances were made in the health of the U.S. population. Today, we not only propose a better use of measures of burden, but also argue for a shift toward measures of healththe state of physical, mental, and social well-being articulated by WHO in 1946. The science necessary to direct such a shift has not emerged, and the societal will to foster that science has lagged.
Even if scientific developments were well developed and political will were supportive, public health practitioners would need to arrive at consensus on the essential set of population health measures. Such a consensus process might involve demonstrating the science underlying potential measures, illustrating their utility in developed and developing countries, assessing their utility in measuring disparities in health, and incorporating the perspectives of various stakeholders. This would involve building on existing partnerships (e.g., as exist today among WHO and partner nations) as well as development of new partners. With the framework proposed in this article, the health community can focus prevention and control efforts more precisely and measure the impact of those efforts more accurately. It is incumbent on the medical and public health communities to provide joint leadership and make the expansion and use of appropriate measures of the public's health a societal priority.
